Abstract Agricultural residues like sugarcane bagasse (SCB), corn husk (CH), peanut husk (PNH), coffee cherry husk (CCH), rice bran (RB) and wheat bran (WB) are low-value byproducts of agriculture. They have been shown to contain significant levels of phenolic compounds with demonstrated antioxidant properties. In this study, the effects of two types of solvent extraction methods: solid-liquid extraction (SLE) and hot water extraction on the recovery of phenolic compounds from agricultural residues were investigated to optimize the extraction conditions based on total phenolic content (TPC), total tannin content (TTC) and total flavonoids content (TFC). Methanol (50 %) was found to be the most efficient solvent for the extraction of phenolics with higher DPPH, nitric oxide radical scavenging and reducing power activity, followed by ethanol and water. The phenolic compounds of methanolic extracts (50 %) were determined by reverse phase high performance liquid chromatography; in addition gallic acid became the major phenolic acid present in all the agricultural residues whereas ferulic acid, epicatechin, catechin, quercitin and kampferol present in lesser amounts. The present investigation suggested that agricultural residues are potent antioxidants. The overall results of this research demonstrated the potential of agricultural residues to be an abundant source of natural antioxidants suitable for further development into dietary supplements and various food additives.
Introduction
Polyphenols and flavonoids are widely distributed in plants with significant applications in the health and food industries (Sarikaya and Ladisch 1999; Ventura et al. 2008) . Such compounds include a variety of phenolic acids (hydroxybenzoic acids and hydroxycinnamic acids), flavonoids (flavonols, flavones, flavonones, isoflavones and anthocyanidins), stilbenes and lignans (Hooper and Cassidy 2006) . These phytochemicals were known to reduce many chronic diseases such as cardiovascular diseases, heart diseases, diabetes, obesity and certain cancer and improve endothelial functions and reduce blood pressure (Liu 2007; Yawadio et al. 2007 ). Among these compounds, a strong correlation between antioxidant activity and the total phenolic content in the plants has been observed, suggesting that phenolic compounds could be the major contributor of their antioxidant capacity (Li et al. 2008) .
Phenolic compounds in large quantities are known to be present in edible and non edible plants (Gharras 2009 ), vegetables, fruits, herbs and other plant materials which are rich in phenolics are increasingly being used for the extraction of phenolics at the industrial level. Using valuable horti crops which are human food resources, for phenolic production or extraction raises major ethical and moral issues. This would be a very costly affair for the developing and under developing countries. Expanding phenolics production could divert valuable fruits and vegetables needed to feed the people. This further would increases malnutrition in the developing and under developing countries.
Alternatively, for the production or extraction of bioactive phenolic compounds, agro industrial residues could be exploited. Large quantities from these materials, including seeds, peels, husks among others are generated every year in the form of wastes and are poorly harvested or left to decay on the land. Increased attention is being given for these materials as abundantly available and cheap renewable feedstocks for the production of value added compounds.
Antioxidants are any substance that delay or inhibits oxidative damage to a target molecule. Antioxidants prevent cell and tissue damage as they act as scavenger. Antioxidants can terminate or retard the oxidation process by scavenging free radicals. Overproduction of the free radicals can be responsible for tissue injury. Anti-oxidants are substances capable to mop up free radicals and prevent them from causing cell damage. Free radicals are responsible for causing a wide number of health problems which, include cancer, aging, heart diseases, gastric problems etc.
Antioxidant capacity is widely used as a parameter for medicinal bioactive components. Various methods are currently used to assess the antioxidant activity of plant phenolic compounds. ABTS or DPPH radical scavenging methods are common spectrophotometric procedures for determining the antioxidant capacities of components (Gulçin et al. 2010) .
In the present study, waste feedstocks such as sugarcane bagasse (SCB), corn husk (CH), peanut husk (PNH), coffee cherry husk (CCH), rice bran (RB) and wheat bran (WB) were screened for the extraction of different bioactive phenolics and characterized.
Materials and methods

Materials
Agricultural residues such as sugarcane bagasse (SCB), corn husk (CH), peanut husk (PNH), rice bran (RB) and wheat bran (WB) were obtained from a local agriculture farm at Gulbarga, Karnataka, India. Coffee cherry husks (CCH) were obtained by grain mill, CFTRI, Mysore.
Chemicals
Methanol and alcohol were purchased from Merck (Darmstadt, Germany). All the chemicals and reference compounds were purchased from Sigma Aldrich (Steinheim, Germany).
Sample pretreatment
Agricultural residues were ground between 10 and 30 mesh (0.5 mm and 2.0 mm) were collected and defatted using n-hexane (ratio of solid/liquid 1/10, w/w) at room temperature and then the solvent was evaporated.
Extraction and concentration
The extraction of phenolic compounds was carried out using solvents at different polarity: 50 %, 70 % and 100 % of methanol; 50 %, 70 % and 100 % of ethanol and water. The powdered samples were added to a solvent 1:10 mixed well and kept at room temperature, for 3 days under constant stirring. The mixture was centrifuged at 6,000 rpm for 15 min and the supernatant was filtered through a filter paper. Then, the solvent was evaporated in a rotavapor. The extraction yield was expressed as dry matter percentage.
Total phenols content (TPC)
Total polyphenols analysis was performed by the colorimetric method, as described by Vazquez et al. (2008) , with some modifications. The sample was re-dissolved in the extraction medium. To 100 μl of sample, 500 μl of Folin-Ciocalteu reactive, and 400 μl of 7.5 % aqueous solution of Na 2 CO 3 were added. The mixture was kept for 30 min in the dark at room temperature. The absorbance was read at 720 nm using a UV/Vis spectrophotometer (UV-6450; Jenway, UK). Gallic acid (5-50 mM) was used for constructing the standard curve, and the results were expressed as g of gallic acid equivalents (GAE)/100 g of extract.
Total tannins content (TTC)
Total tannins analysis were performed by the colorimetric method, as described by Price and Butler (1977) . To 100 μl of sample, 1 ml of 1 % potassium ferricyanide and 8 % of aqueous solution of ferric chloride was added. The mixture was kept for 5 min at room temperature. The absorbance was read at 720 nm using a UV/Vis spectrophotometer (UV-6450; Jenway, UK). Tannic acid (5-50 mM) was used for constructing the standard curve, and the results were expressed as g of tannic acid equivalents (TAE)/100 g of extract.
Total flavonoids content (TFC) Total flavonoid content was determined by a colorimetric method (Bao et al. 2005) . 0.5 ml extracts were added to 15 ml volumetric flasks containing 2 ml ddH 2 O and mixed with 5 % of 0.15 ml NaNO 2 . After reacting for 5 min, 0.15 ml 10 % AlCl 3 .6H 2 O solution was added. After another 5 min, 1 ml 1 M NaOH was added. The reaction solution was well mixed, kept for 15 min and the absorbance was determined at 415 nm. Quantification was done using the quercitin as standard and the results were expressed as g of quercitin equivalents (QE)/100 g of extract.
HPLC determination of individual polyphenols
The concentration of individual polyphenols was determined by HPLC Shimadzu LC-10A with a UV detector recording at 280 nm was used to detect the phenolic compounds. A reverse phase C-18 column (15 cm) was used with a flow rate of 0.8/ min of a solvent system containing water, methanol, acetic acid were in the ratio of 80:18:2. The standard mixtures of polyphenols were prepared in the concentration of 1 mg/ml. The standard and sample of 0.02 ml were injected into the column. Peaks were identified by the retention time of the commercial standard phenolic compounds.
Antioxidant assays
The electron donation ability of the obtained methanol extracts of agricultural residues was measured by bleaching of the purple colored solution of DDPH (1, 1-diphenyl-2-picrylhydrazyl) radical according to the method of Sun et al. (1988) . Methanolic extracts (2 ml, 10-1,000 μg/ml) were added to 0.5 ml of 0.2 mM/L DDPH. After incubation period of 30 min at room temperature, the absorbance was measured against a blank at 517 nm using UV/Vis spectrophotometer (UV-6450; Jenway, UK) versus ethanol as a blank. The antioxidant activity was calculated by the following ratio: (blanksample/blank) × 100, where blank is the absorption of the DPPH solution and sample is the absorption of the DPPH solution after the addition of the sample.
Nitric oxide (NO) radical scavenging assay
The assay was carried out according to Isfahlan et al. (2010) . The reaction mixture contained 10 mM SNP (Sodium nitroprusside), phosphate-buffered saline (pH 7.4), and the various concentrations of the samples. After incubation for 150 min at 25°C, 1 ml of sulfanilic acid (0.33 % in 20 % glacial acetic acid) was added to 0.3 ml of the incubated solution, and the mixture allowed to stand for 5 min. NED (naphthyl ethylene diamine dihydrochloride, 0.5 ml, 0.1 % w/v) was added, and the mixture was incubated for 30 min at 25°C. The pink chromophore, generated during diazotization of nitrite ions with sulfanilic acid and subsequent coupling with NED, was measured from the absorbance at 540 nm, using an appropriate blank.
IC 50 values were calculated from the plotted graph of scavenging activity against the concentrations of the samples. IC 50 is defined as the total antioxidant necessary to decrease the initial DPPH and NO radical by 50 %. IC 50 was calculated for all the extracts based on the percentage of DPPH radicals scavenged. Ascorbic acid was used as the reference compound (positive control) with concentrations 50 to 500 μg/ml for both the above spectroscopic methods.
FRAP (ferric ion reducing antioxidant potential) assay
The antioxidant activity of samples was determined by the FRAP assay, according to Barriera et al. (2008) . Various concentrations of extracts (100-500 μg/ml) were mixed with 2.5 ml of 200 mM sodium phosphate buffer (pH, 6.6) and 2.5 ml of 1 % potassium ferricyanide. The mixture was incubated at 50°C for 20 min then 2.5 ml of 1 % TCA (w/w) was added. This was followed by the addition of 5 ml of distilled water and 1 ml of 0.1 % of ferric chloride. The absorbance was recorded at 700 nm after 5 min. The antioxidant activity was calculated from the calibration curve of ascorbic acid (0.1-1 mM). Results were expressed as μmol of ascorbic acid equivalents (AAE)/mg of extract.
Results and discussion
Extraction yield
The results of the extraction yields are presented in Table 1 . Organic solvents such as methanol and ethanol with different ratio were used for the extraction of polyphenols and tannins from the agricultural residues. The highest yields are usually achieved with methanol and ethanol and their mixtures with water, although other solvents have been widely used in the extraction of polyphenols from plants, as ethyl acetate or acetone. Water and ethanol are the most widely used because of their low toxicity and high extraction yield, with the advantage of modulating the polarity of the solvent by using ethanol/water mixtures at different ratios. The main drawback of the aqueous extraction is the low yield in antioxidants with low polarity or liposoluble antioxidants as, for example, the carotenoids. Solubility of polyphenols depends mainly on the hydroxyl groups and the molecular size and the length of hydrocarbon. For all used solvents, methanol (50 %) proved to be the most suitable solvent for the extraction of the polyphenols as compared to the different concentrations of ethanol. The optimization procedure employed in this study resulted in a similar recovery of phenolic compounds using just one extraction stage, thereby allowing for a reduction in solvent consumption and time required for extraction. Among all agricultural residues, coffee cherry husk (CCH) showed the higher extraction yields. The largest yield value for CCH was Each value is an average of triplicate determination; ± standard deviation 10.3 % obtained with 70 % methanol, while the lowest result was 3.3 % obtained using water as solvent. The yields of corn husk (CH) were 2.5 % and 6.0 % corresponding to the extraction with water and 50 % methanol respectively (Table 1) . Organic solvents are commonly used for the extraction of polyphenols from plant material. The most important factor that determines the recovery of polyphenols from plant materials is the solubility of the phenolic compounds in the solvent used for the extraction process. Ethanol, methanol and acetone and their aqueous mixtures are commonly used for the extraction purposes. Zhou and Yu (2006) used 50 % acetone/water as an extraction solvent for the extraction of polyphenols from Colorado grown vegetables. Absolute methanol was used by Abas et al. (2006) and Wijngaard et al. (2009) for the extraction of phenolic antioxidants from leafy vegetables and Irish fruit and vegetable wastes, respectively, whereas Sreeramulu and Raghunath (2010) used 60 % methanol with 0.1 % HCl for the extraction of polyphenols from vegetables and tubers.
Total polyphenols and tannins and flavonoids content of the extracts
The total phenols, tannins and flavonoids content were widely higher for CCH extracts, when compared with other agricultural residues (SCB, CH, PNH, RB and WB) extracts, for all type solvent extraction. The values for CCH were 22.10; 85.50 and 81.38 g GAE/100 g of extract, for extraction with water, 50 % methanol and 50 % ethanol respectively. The content of total tannins in CCH extracts found to be 14.28; 72.56 and 62.44 g TAE/100 g of extract and the total flavonoids content was found to be 7.03; 10.15 and 8.67 g TFC/ 100 g for extraction with water, 50 % methanol and 50 % ethanol respectively. Among the studied solvents methanolic extract (50 %) exhibited significantly higher total phenolic content for all the agriculture residues while among them, coffee cherry husk had the highest phenolic content. This implies that the phenolic compounds in the agriculture residues might be readily soluble in aqueous methanol. The amount and quantity of phenolic molecules by extraction in solvents depends on the plant materials, the solvent used (Marinova and Yanishlieva 1997; Moure et al. 2000) , as well as the contact time of extraction (Delgado et al. 2010) . Awika et al. (2005) employed aqueous acetone for phenol and antioxidant activity on sorghum bran.
The extraction yield and the antioxidant activity of the extracts from plants highly depend on the solvent polarity, which determines both qualitatively and quantitatively of the extracted antioxidant compounds. The highest yields are usually achieved with ethanol and methanol and their mixtures with water.
Several authors (Lou et al. 2004; Yu et al. 2005 Yu et al. , 2006 2007; Wang et al. 2007 ) have reported that peanut skins contain phenolic compounds with demonstrated antioxidant properties. Yu et al. (2006) observed three classes of compounds in peanut skin extracts including phenolic acids, flavonoids and stilbene (resveratrol). Some authors (Yu et al. 2005 Nepote et al. 2002 Nepote et al. , 2005 have employed traditional solid-liquid extraction techniques using different organic solvents to extract antioxidants from peanut skins. Nepote et al. (2005) investigated the effects of several parameters on the extraction of phenolic compounds from peanut skins using solid-liquid extraction. In that study, optimum extraction conditions were solely based on the quantity of total phenolic compounds extracted as determined by Folin-Ciocalteu reagent, and no identification of phenolics were reported. Wang et al. (2007) extracted phenolics from peanut skins by maceration of the skins with 50 % (v/v) aqueous ethanol at room temperature and reported a total phenolics content of 90 mg/g of extract. More research is needed to develop alternative extraction procedures and to obtain a more detailed profile of the phenolic composition of peanut skin extracts.
Flavonoids are major group of polyphenols, which posses a basic C15 phenyl-benzopyrone skeleton modified with differing numbers and positions of substituents, including hydroxyl, methoxyl and glycosyl groups. The concentration of flavonoid derivatives in the studied agriculture residues is presented in Table 1 . Methanol was found to be optimum solvent for the extraction of flavonoids from agriculture residues.
HPLC analysis
Phenolic compounds from the various agricultural residues were detected by HPLC analysis. The chromatogram of all the samples showed two major peaks (1 and 2) along with three minor peaks (3 and 5) (Fig. 1) . The peaks (1 to 5) were identified as gallic acid, ferulic acid, epicatechin, quercitin and kampferol by comparing the retention time of the authentic standards.
Antioxidant assays
DPPH radical scavenging activity
The DPPH (1, 1-diphenyl-2-picrylhydrazyl) radical scavenging activity of agricultural residues is shown in (Fig. 2) . This activity was found to increase with increasing concentration of 50 % methanolic extract. It is well known that the antioxidant activity of plant extracts containing polyphenol components is due to their capacity to donate hydrogen atoms or electrons and scavenge free radicals (Sreeramulu and Raghunath 2010) . Among the samples SCB showed the least scavenging activity (IC 50 = 26.3 μg/ml) while PNH (IC 50 = 22.6 μg/ml), CH (IC 50 = 24.25 μg/ml), CCH (IC 50 = 24.3 μg/ml) and WB (IC 50 = 25.1 μg/ml) showed a better result than the positive control ascorbic acid (IC 50 = 38.0 μg/ml). The results are summarized in Table 2 . These suggested that SCB has an efficient radical scavenger, its activity being confined to the hydroxymethanolic fraction.
Agricultural residues have a great potential as source of antioxidants, many of which are polyphenols. Solvent and process variables must be carefully chosen to optimize their extraction. Antioxidant activity of every extract must be measured by several methods: radical scavenging activities (DPPH), oxidation of lipids (TBARS), micellar systems, etc., because none of them is representative of all real system; for example it is possible to obtain extracts with high radical scavenging activity but unable to protect an oil for oxidation because of its low miscibility.
The antioxidant activity of plant extracts can be in large part attributed to the presence of polyphenolic compounds located within the plant tissues. Polyphenols are attracting a great deal of attention due to evidence suggesting that an increase in their consumption in the diet may prevent cancer, strokes and neurological diseases. They are the most abundant antioxidants in our diets and it is estimated that we consume about 1 g of polyphenols per day (Scalbert and Williamson 2000) . Several thousands of natural polyphenols have been identified in plants and plant foods. Polyphenolic compounds are present in high concentrations in a variety of fruits, vegetables and beverages such as tea and wine. They are also abundant in agricultural byproducts such as peanut skins, hulls and roots, grape seeds and skins and in a number of herbs and spices (rosemary, sage, thyme and oregano). Polyphenols are important to plant growth and development and provide a defense mechanism against infection and injury (WB). Peak 1: gallic acid; peak 2: ferulic acid; peak 3: epicatechin; peak 4: quercitin and peak 5: kampferol (Karakaya and Tas 2001) . Many polyphenolic compounds have been found to have a much stronger antioxidant activity than vitamins C and E and β-carotene within the same food (Chu et al. 2002) .
Nitric oxide radical scavenging activity
Nitric oxide (NO) has an important role in various inflammatory processes. Its sustained production is toxic to tissues and can contribute to the vascular collapse associated with septic shock. Chronic generation of nitric oxide is associated with carcinomas and various inflammatory conditions including juvenile diabetes, multiple sclerosis, arthritis, and ulcerative colitis (Tylor et al. 1997 ). Nitric oxide is generated from the decomposition of SNP and measured. SNP in aqueous solution at physiological pH spontaneously generates NO, which interacts with oxygen to produce nitrite ions that can be measured. All the extracts for both these methods analyzed at the same range of concentration (50-500 μg/ml). A significant decrease in the NO radical is due to the scavenging activity of the extracts. Our results showed dose-dependent NO scavenging activity by all the test samples (Fig. 3) . IC 50 values (Table 2) were calculated from the graphs plotted scavenging activity versus the concentrations of samples. The IC 50 values of SCB (27.0 μg/ml), CH (27.5 μg/ml), PNH (28.0 μg/ml), CCH (29.0 μg/ml), RB (30.0 μg/ml) and WB (31.0 μg/ml) for scavenging NO revealed that SCB and CH were more potent than the positive control, ascorbic acid (IC 50 = 38.0 μg/ml). in this case also, SCB was the most active as compare to other agricultural residues. 
Ferric ion reducing assay
The reducing power of a compound may serve as a significant indicator of its potential antioxidant activity (Meir et al. 1995) . Hence, the Fe3+ reducing powers of agricultural residues as well as its various fractions were investigated, and the results compared with that of the reference compound, Ascorbic acid. The reducing powers of the samples were found to increase concentration dependently (Fig. 4) . The RP 0.5 AU was calculated and depicted in Table 3 . In this assay, a higher absorbance of reaction mixture indicates higher reducing power of the sample. The absorbances of assay mixture containing a fixed concentration (200 μg/ml) of SCB, CH, PNH, CCH, RB, WB and ascorbic acid were found to be 0.39, 0.28, 0.44, 0.36,0.35, 0.33 and 0.47 respectively (Table 3) . The order of the reducing powers of the samples was CH>WB>RB>CCH>SCB>PNH>ascorbic acid. Thus, all samples showed better reducing powers than ascorbic acid.
The antioxidant properties of phenolic compounds are associated with their reducing power (Jayaprakasha et al. 2001) , which is associated with the presence of reductones (Duh 1998) . The reducing power of agricultural residues increases significantly with phenol content (Fig. 4 & Table 3 ).
Conclusion
Agricultural residues have great potential and cost effective sources of antioxidants, many of which are polyphenols. To obtain the maximum yield of extraction, 50 % methanol is recommended for phenolic compounds extraction from agricultural residues. The beneficial effects of polyphenols have been ascribed to their strong antioxidant activity that is, their ability to scavenge oxygen radicals and other reactive species. These features make phenols a potentially interesting material for the development of functional foods or possible therapy for the prevention of some diseases. 
